Plasmid pAL5000 from Mycobacterium fortuitum encodes two proteins necessary for replication: RepA (307 amino acid residues) and RepB (119 residues). A single RNA species encoding these proteins was characterized, and its 5 end was defined. The proteins were expressed as maltose-binding protein fusions in Escherichia coli. The RepB protein was shown in vitro to bind specifically to a previously defined 435-bp region of pAL5000 containing the origin of replication (ori). The precise RepB binding sites were defined by DNase I footprinting experiments. RepB binds to two motifs in the ori region: a high-affinity site within its own promoter region, implying autoregulation of its expression, and a low-affinity site further upstream, presumably the origin of replication itself. The binding to the latter motif seems to occur on one DNA strand only. The high-affinity binding site contains several palindromic sequences. Gel retardation assays were performed with the different binding sites as templates, and the binding constant to each site was estimated from protein titrations. This is the first molecular dissection of mycobacterial DNA-binding proteins and their interactions with their targets.
The mechanisms governing plasmid replication and maintenance in mycobacteria are little understood. Plasmids have been described in several species, e.g., Mycobacterium fortuitum, Mycobacterium scrofulaceum, Mycobacterium chelonae, and Mycobacterium avium (4, 8, 17, 18, 23, 29) . No plasmids have been found in the pathogen Mycobacterium tuberculosis, but it is possible to transform M. tuberculosis with plasmids from related mycobacteria, showing that the lack of plasmids is not due to an intrinsic inability to support their replication.
The replicon most used in genetic manipulation of mycobacteria is the 4,837-bp M. fortuitum plasmid pAL5000 (19) (see Fig. 1 ) (GenBank accession number M23557). This replicon is the basis of several shuttle plasmids and cosmids used to manipulate DNA in a wide variety of mycobacteria, including the fast-growing Mycobacterium smegmatis and the slow growers Mycobacterium bovis BCG and M. tuberculosis (9, 31, 36, 41) . We have previously shown that the origin of replication (ori) of this plasmid lies within a 435-bp segment and comprises a region with a high incidence of repeated sequences (39) . In addition, it has been shown that two open reading frames (ORFs) are necessary for a functional replicon (22, 39) . The products of these ORFs, RepA and RepB, will act in trans to activate the ori if this region is present on another plasmid (39) .
The ori region is also able to confer incompatibility to otherwise unrelated replicons. Whether the same sequence motifs within the region are responsible for the inc and ori functions or whether inc is physically separated from ori as in plasmid P1 (1, 5, 7) is at present unclear.
The RepA protein (307 amino acid [aa] ) has a high similarity to replication proteins from ColE2-related plasmids (12, 39) . RepB is a small protein (119 aa) which has recently been shown to have similarity to an ORF product encoded by the Bifidobacterium longum plasmid pMB1 (34) . The repA and repB genes overlap by 1 bp, suggesting that they are transcribed as an operon.
The observations that the ori region has several directly repeated sequence motifs, that the incompatibility effect is orientation dependent, and that the region can be activated in trans (39) make this region a prime candidate for proteinbinding sites related to the replication of pAL5000.
This paper presents a closer study of RepB and the sites of its interaction with ori. We determined the transcription start point for the RNA encoding both replication proteins and expressed them as fusion proteins in Escherichia coli. Using gel retardation assays and DNase I footprinting techniques we could show that RepB binds with different affinity to two sites in the ori region, one of which is its own promoter. Thus, RepB has a role in the regulation of its own expression as well as in the initiation of replication of pAL5000. RepA, despite its similarities to replication proteins from other plasmids, did not bind DNA in any of our assays.
MATERIALS AND METHODS
Bacterial strains and media. E. coli DH5␣ (11) was used for routine manipulations of plasmid DNA. For the expression of RepA and RepB as fusion proteins to maltose-binding protein (MBP), E. coli JM109 (45) was used. E. coli cells were grown in TY medium (16 g of tryptone, 10 g of yeast extract, 5 g of NaCl per liter) with the addition of kanamycin or ampicillin (50 g/ml each) or chloramphenicol (40 g/ml) as appropriate. M. smegmatis mc 2 155 (37) was used throughout and was grown in Lemco medium (Difco) or on Lemco agar plates.
Transcription analysis. For reverse transcription-PCR, 2 g of RNA from either wild-type M. smegmatis or cells carrying the pAL5000-derived shuttle vector pYUB12 (36) were precipitated with 1 pmol of oligonucleotide and taken up in a total volume of 20 l of murine leukemia virus reverse transcriptase buffer (United States Biochemical [USB]). Two hundred units of murine leukemia virus reverse transcriptase was added, and the reaction was allowed to proceed for 20 min. The reaction mixture was treated with RNase I, and 1/10 of the product was used in subsequent PCRs. Oligonucleotides employed were ORF1D (5Ј TGGCGCGATTGCCCACGATC 3Ј), ORF1E (5Ј GCGCGATAT CGAGCCGAGAAC 3Ј), ORF1B2 (5Ј TCTACTAGGATCCGTGAGCCACG TCG 3Ј), OYUB7 (5Ј AGATGCAGCCCGAAATG 3Ј), and OGS1 (5Ј TCTC AGCGGCCCGGAAACGT 3Ј). The products were analyzed on agarose gels. S1 nuclease protection assays were carried out as described previously (40) using S1 nuclease from Promega. The oligonucleotides used in generating the probes were ORF1C (5Ј TCAGATATTTCGCTGAGGGG 3Ј), ORF1D, OYUB5 (5Ј TTGTGGTCGCTGTCGGC 3Ј), and OYUB9 (5Ј GTTGGGTTCGCCTCGAT GTA 3Ј). Ten micrograms of RNA was used in each S1 nuclease assay.
Expression of the RepA and RepB proteins. The products of pAL5000 ORF1 (RepA) and ORF2 (RepB) were expressed in E. coli as MBP fusion proteins. The DNA was amplified in PCRs using the Pyrococcus furiosus (Pfu) DNA polymerase (Stratagene). The oligonucleotides used in the reactions to generate the fragments inserted in the pMalEII vector (New England Biolabs) were ORF1B2 (5Ј TCTACTAGGATCCGTGAGCCACGTCG 3Ј), ORF1B (5Ј GCT GCCGGTTCTAGAGGTCGCTGTAG 3Ј), ORF2E (5ЈATGGAGGCATTGCT ATGAGCGACGG 3Ј), and ORF2B (5Ј CGACACCGGATCCCCAATTGCG TTA 3Ј). The recombinant DNA was sequenced with the Sequenase kit (United States Biochemicals). Expression and affinity purification of the recombinant proteins over an amylose matrix were performed according to the manufacturer's instructions. In the DNA-binding experiments, the recombinant protein was used either as a purified fusion protein or after removal of the MBP moiety by treatment overnight at room temperature with factor X protease (New England Biolabs; 1 U/50 g of recombinant protein).
DNA-binding assays. Gel retardation assays were carried out using the 435-bp ori fragment comprising the pAL5000 origin of replication (39) . The fragment, purified from a pUC18 clone, was radioactively labelled with [␣-32 P]dATP (Amersham) and the Klenow fragment of DNA polymerase I (Promega). Recombinant RepA-MBP fusion or RepB-MBP fusion (1 to 2 g) was mixed with 10 ng of DNA in binding buffer (100 mM Tris-HCl [pH 8.0], 10 mM dithiothreitol, 20 mM MgCl 2 , 1 g of salmon sperm DNA per reaction) and incubated at 37ЊC for 15 min. The complexes were separated by electrophoresis on a 6% nondenaturing polyacrylamide gel and visualized by exposing the dried gel to X-ray film.
To generate templates for gel retardation assays specific for the high-affinity binding site (H site) and the low-affinity binding site (L site), PCRs were performed. For H-site templates the pair OKDH (5Ј CGTGTCGGACCATACAC CGGTGATTAA 3Ј) and OFP1 (5Ј GAGCAGATCGTCGCTTGCCA 3Ј) was used; the pair OKDL (5Ј GCGGGGGAGTGTGCAGTTGTGG 3Ј) and OKDB (5Ј ACGAGCTCCAAGTCAGATAT 3Ј) was employed in generating L-site templates. The forward oligonucleotide (OKDH and OKDL) was labelled with [␥-32 P]ATP and T4 PNK polynucleotide kinase (Promega). The autoradiograms were scanned with a Sharp JX-330P scanner and analyzed with Phoretix 1D Version 2.01 software (NonLinear Dynamics Ltd.).
DNase I footprinting was carried out essentially as described earlier (21) . Templates were generated in PCRs with oligonucleotide primers 32 P labelled at the 5Ј end with [␥-32 P]ATP and T4 PNK. Oligonucleotides OGS1, ORF1D, OYUB9, and OFP1 were employed. RepB protein in increasing dilutions (270 to 0.27 nM) was incubated with approximately 50 ng (0.25 pmol) of the labelled template for 10 min before the addition of DNase I. The mixture was incubated for 10 min at room temperature, and the products were analyzed on a 6% denaturing polyacrylamide gel. As a size ladder, M13mp18 was sequenced with the Ϫ40 universal primer with the Sequenase kit (USB).
RESULTS
Determination of the 5 end of the repA and repB mRNA. It has previously been shown that the regions encoding RepA and RepB are necessary for the replication of pAL5000 (22, 39) . However, no transcription studies have been performed, and the start point for RepA has only been inferred from DNA sequence inspections (32) . Indeed, the possibility that RepA and RepB are not two distinct protein species but are instead one protein generated by ribosomal slipping had not been ruled out.
Evidence for the presence of two proteins was gathered by coelectroporation of M. smegmatis with the two plasmids pUH36 (39) and pYUB285 (22) . Neither of these can replicate on its own; pUH36 lacks the repB gene, and pYUB285 has a deletion in repA. In cotransformation experiments, however, both plasmids replicated in the transformants. This strongly supports the existence of two distinct protein species which can both act in trans.
Prior to expressing the RepA protein, the start point of transcription for the repA mRNA was determined. Since mycobacteria are GϩC-rich organisms, primer extension techniques were not used, as the reverse transcriptase is inclined to break off transcription prematurely at stable secondary structures (33, 38) . We therefore used S1 nuclease protection techniques, which are less susceptible to these problems.
To narrow down the area for the fine-detail mapping, we first performed reverse transcription-PCR using oligonucleotide ORF1D for the reverse transcription reaction and oligonucleotides ORF1E, OGS1, and ORF1B2 for the subsequent PCR. The regions where these primers map on the pAL5000 sequence are shown schematically in Fig. 1 . With this method (not shown), we found no bands using oligonucleotides ORF1E and OGS1 but found a signal with ORF1B2, indicating that the start point of transcription is downstream of bp 4420 in the pAL5000 sequence. We also obtained evidence that there is a common transcription unit for repA and repB, using the oligonucleotide OYUB7 for the reverse transcription reaction and ORF1B2 for the PCR (not shown).
Performing S1 protection assays, we were able to detect one single signal attributable to a 5Ј end of an mRNA. This was found in the experiment in which oligonucleotide ORF1D was used to generate the probe. The experiment (Fig. 2) defined the start point of the rep mRNA at the nucleotide C number 4632 in the pAL5000 sequence (Fig. 3) . This is 85 bp downstream of the start point for the RepA ORF suggested earlier (32) . No signals attributable to 5Ј ends were detected with probes derived from oligonucleotide OYUB5, OTF1C, or OYUB9, indicating that the single 5Ј end is not a processing site from an RNA species starting further upstream.
FIG. 1. Schematic map of pAL5000 as the plasmid DNA is present in the shuttle vector pYUB12 (36) , used in most manipulations described here. The ORFs are shaded; ORF4 is split by the cloning procedure. The arrow indicates the rep transcription unit. The positions of oligonucleotides used in the transcription studies are shown as arrowheads. The numbering in the scale bar refers to the pAL5000 sequence in GenBank (accession number M23557). The origin of replication (ori) is marked by a dashed line. pUH52, the smallest replicon defined to date to be functional in M. smegmatis (39) , is shown above the sequence.
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Expression of RepA and RepB in E. coli as MBP fusion proteins. From the transcription analysis described above it was clear that the start point of translation for RepA could not be upstream of base 4632. From comparison with related Rep proteins (12, 39) , the most probable start point would be on the GTG codon at position 4792. There is a putative GAGG Shine-Dalgarno motif upstream of this start, at positions 4566 to 4569 (Fig. 3) . The predicted size of the product would be 28 kDa, the same size as the protein most closely related to RepA, the Rep protein from the Corynebacterium glutamicum plasmid pXZ10142 (GenBank accession number X72691).
However, another possibility would be the GTG at position 4633, just 1 base from the start of the mRNA. A protein translated from this codon would have a size of 34 kDa, which is indeed close to many of the related E. coli replication proteins. To make certain that we did not express a truncated protein, we decided to express the larger ORF between bases 4633 and 722 as RepA and the ORF between bases 719 and 1078 as RepB. The predicted masses of the mycobacterial part of the fusion proteins would be 34 and 13.5 kDa, respectively.
The apparent masses of the purified fusion proteins on sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) were 80 and 55 kDa (not shown), which conformed to expectation, since the MBP moiety is 42.7 kDa. Digesting the RepA-MBP fusion protein with factor X gave rise to several bands on SDS-PAGE (not shown), in spite of the fact that FIG. 2. S1 nuclease protection assay defining the 5Ј end of the rep RNA. The sequence is M13mp18 sequenced with the Ϫ40 universal primer (USB). The probe was generated with oligonucleotide ORF1D (Fig. 1 The numbering of bases is that from the pAL5000 sequence (32) . The start codon for ORF1 (arrowhead) is the first GTG encountered and the one used in expressing the product in E. coli; the more probable start for RepA, from the data presented here and in reference 39, is given as well. VOL. 178, 1996 REPLICATION PROTEINS FROM pAL500 6695
there should be no factor X recognition site within RepA. Hence, all manipulations with RepA were carried out with the intact fusion protein.
No such problems were encountered with RepB. DNA-binding assays. To test the recombinant proteins for DNA-binding activity, we used as a probe the 435-bp ori segment described previously (39) . This fragment was end labelled with 32 P and used in gel retardation assays. In this region there are two pairs of directly repeated sequence motifs (Fig. 3) . One of these pairs (bp 4430 to 4435 and 4441 to 4446) has a periodicity of 11 bp, and thus, the two motifs would be on the same side of the DNA helix, which made them potential sites of binding by one or both the replication proteins.
Unexpectedly, the RepA fusion protein, despite its similarity to other replication proteins, had no DNA-binding ability at all under a range of conditions, including varied pH (pH 5 to 9) and in the presence or absence of ATP or different cations (Mg 2ϩ , Ca 2ϩ , Zn ϩ , Mn 2ϩ , and K ϩ ). We also tested RepA for possible nicking or topoisomerase-like activities, but half-hour incubations of supercoiled plasmid DNA with RepA had no effect on the topology of the plasmid (not shown).
In contrast, RepB specifically bound to the ori region (Fig.  4) . It was possible to show specificity of binding, as we could block out the bound DNA with unlabelled ori DNA (Fig. 4,  lane 3) , but the addition of several micrograms of nonspecific DNA had no influence on the binding. In all binding experiments using the 435-bp ori region as a template, we observed one band which seemed to arise from nonspecifically bound template. This nonspecific band remained in the same position when unlabelled ori DNA was added.
Boiling the RepB sample before adding the template abolished binding. Mixing RepB with RepA before or after the addition of template had no detectable effect on the DNAbinding properties (not shown).
DNase I footprinting of RepB on the pAL5000 origin of replication. To determine the exact sequence where the RepB protein binds to ori, we performed DNase I footprinting experiments. The templates used were generated in PCRs with oligonucleotide OGS1, together with either OYUB9 or OFP1 (Fig. 3) , in which one of the oligonucleotides was labelled with 32 P, yielding templates specifically labelled on one strand. The experiments were performed either with the RepB-MBP fusion protein or after the MBP moiety had been removed by treatment with factor X.
The results of these footprinting experiments are shown in Fig. 3 . The footprinting gels suggest that RepB binds with different affinities to the two different regions. It is notable that the protein does not bind to the repeated sequences suspected from the earlier functional studies to be binding sites (39) . However, in the H site, there are palindromic or repeated sequences (boxed or marked with arrows in Fig. 3 ) which could be recognition sequences for RepB. The protected regions of both binding sites are staggered, but there is no sequence similarity between the H and L sites. The H site between bases 4590 and 4623 is only 9 bp upstream of the start point for rep transcription (Fig. 3) . This implicates RepB in regulation of its own expression.
In the case of the L site between bp 4534 and 4564, the RepB-MBP fusion protein showed a footprint with protected bases on both sides of the helix, but the RepB protein alone, used after factor X digestion, showed a much stronger binding to the DNA strand corresponding to the sense strand (compare lanes 1 and 2 in Fig. 5a with lanes 7 and 8 in Fig. 5b ). From these experiments we conclude that the binding of RepB to this site is predominantly to one side of the DNA helix. No such influence of the MBP moiety on binding was observed with the H site (not shown).
As a negative control, we repeated the footprinting experiments with purified E. coli MBP and also with purified E. coli LexA protein. Neither bound to any of the pAL5000 ori templates employed (not shown).
Determination of binding constants to the H site and the L site. Based on the data from the DNase I footprinting experiments, new probes for gel retardation assays specific for the H site and L site were generated as described in Materials and Methods. Both probes bound RepB with different affinities (Fig. 6) , corroborating the footprinting data.
If the protein concentration is much higher than the concentration of template, the concentration at which half of the template DNA is unbound is an approximation of the binding constant, K d (DNA), for the protein (3). Serial dilutions of RepB were used in gel retardation assays with the H site and L site, and the fraction of free template was determined by scanning the autoradiograms. From the graphs in Fig. 7 , approximate K d of 25 and 300 nM were obtained for the H site and L site, respectively.
DISCUSSION
This work is a study of the two replication proteins, RepA and RepB, from the M. fortuitum plasmid pAL5000. We have mapped the 5Ј end of the single RNA which encodes both proteins and expressed the proteins in E. coli as MBP fusions. RepB was found to bind to two sites in the plasmid origin of replication, which were defined by DNase I footprinting techniques, and the binding constants were approximated by gel retardation assays. This is to our knowledge the first detailed dissection of protein-DNA interactions in mycobacteria.
The promoter region for the rep transcript does not resemble classic promoters from E. coli or archaebacteria (10), nor is there much similarity to other mycobacterial promoters described to date (summarized in, e.g., reference 16). Clearly there is a great need for the characterization of more promoters from mycobacteria, especially since several reported 5Ј ends of mycobacterial mRNA have been deduced from primer extension experiments. As discussed above, this technique is prone to generating false signals when applied to RNA from GϩC-rich organisms and should be corroborated by other techniques.
We believe that the 5Ј signal that we found represents a true transcription start point for several reasons. First, S1 mapping using probes derived from oligonucleotides mapping further FIG. 5 . DNase I footprinting assays of RepB on the ori region of pAL5000. (a) RepB binding to the sense strand (after factor X cleavage to remove the MBP moiety). The template was a PCR fragment generated using VOL. 178, 1996 REPLICATION PROTEINS FROM pAL500 6697
on July 8, 2017 by guest http://jb.asm.org/ upstream showed no bands, indicating that the only detected signal was not from a processing event. Second, there are similarities in the RepB-binding region to the promoter for the repA gene, encoding the replication protein of the Corynebacterium wide-host-range plasmid pEP2 (47) . A comparison of the two regions (Fig. 8) shows that the 8-bp palindrome CAC CGGTG can be found 14 bp upstream of the start point of the pEP2 repA transcript. Although only a short motif and thus the identity could be random events, there are several other similarities between these two regions, e.g., a set of inverted repeats flanking the palindrome and a higher AϩT content in the sequences immediately preceding and following the palindrome. Shuttle constructs based on the pEP2 sequence are able to replicate in mycobacteria (30) , which supports the notion that these similarities are indeed essential parts of a regulatory structure. Third, there is one 11-bp stretch in the rep promoter sequence which is also present upstream of the ORF encoding a DNA primase, DnaE, in Lactococcus lactis (2) (Fig. 8) . This AT-rich motif could be a promoter element. It comprises an 8-bp palindrome, as does the motif common to pAL5000 rep and pEP2 repA.
Judging from the weakness of the S1 signal, the pAL5000 rep transcript is produced at a low level. The footprinting experiments described below indicate that the rep promoter is tightly regulated, supporting these observations. Genetic evidence has demonstrated that both RepA and RepB are necessary for replication (22, 39) . If the Rep proteins act to trigger replication of the plasmid, the number of RepA and RepB molecules in the cells would affect the efficiency of replication. The low copy numbers of pAL5000-derived replicons (39) could be a consequence of the low level of replication proteins.
The specific binding of the small (119-aa) RepB protein to the ori region was surprising, since on the basis of similarities to related proteins, we had expected RepA to bind to ori. The only significant similarity with proteins in the GenBank database is to the recently published but undefined product of the ORF2 from the B. longum plasmid pMB1 (31) (Fig. 9) . The putative ORF2 product would be 106 aa, comparable to the 119-aa RepB. The organization of this plasmid seems very reminiscent of pAL5000, with two replication proteins. The larger ORF1 of pMB1 is indeed similar to RepA. No closer study of the replication of this plasmid has been undertaken so far, but on the basis of our work we would expect the pMB1 ORF2 product to have DNA-binding properties.
The DNase I footprinting experiments described here show that RepB binds specifically to two sites in the ori region of the plasmid (Fig. 3) . We had hypothesized that the replication protein might bind to a set of repeated sequences upstream of the actual binding site (shown by arrows in Fig. 3 ), but this turned out not to be the case. The function of these repeats is still unknown. It may be that they are responsible for the incompatibility function, since an extra copy of the ori region introduced into the plasmid enhances incompatibility, but only when in the same orientation as the wild-type ori (39) . Such an arrangement of an ori, necessary for replication, and a separate set of repeated sequences, responsible for incompatibility but not essential for replication, has been described for plasmid P1 (1, 6, 7) . Whether the incompatibility-conferring part of pAL5000 is necessary for replication is still unknown.
The two distinct binding sites for RepB, here called the H site and the L site, seem to have different roles in the replication of the plasmid. The H site partially occludes the putative promoter structures, suggesting that RepB autoregulates its expression. The binding to this box takes place on both DNA strands. In the middle of this binding site is the palindrome CACCGGTG, which could be a recognition motif for RepB. The other overlapping palindrome, GATTAATC (Fig. 3) , which we suggested above is part of the promoter structure, would be partially covered by bound protein.
The binding of RepB to its promoter has a higher affinity than the binding to the second region, the L site, at positions 4534 to 4564. Here, the protein seems to bind more strongly, or exclusively, to one side of the DNA helix. The L site is probably too far away from the promoter region to have any influence on the regulation of rep expression, and we assume that this site is the ori itself. This site is different from that predicted from sequence comparisons (32) .
The binding constants, 25 nM for the H site and 300 nM for the L site, are of course rough approximations from experiments in vitro under possibly suboptimal conditions. Neverthe -FIG. 8 . Comparison of the pAL5000 rep promoter region with similar regions in other organisms. The motif common to pAL5000 and the area upstream of the L. lactis primase gene is marked by stars with the palindromic motif boxed. The 8-bp palindromic motif shared between pAL5000 and the Corynebacterium plasmid pEP2 is boldfaced and underlined. Arrows show inverted repeats which are present in pAL5000 and pEP2 but which are not identical in the two sequences. Start points for transcription are shown as arrows above the boldfaced start nucleotides. The RepB binding area shown comprises the entire protected area on both strands seen in DNase I footprinting experiments. less, the relative values from the gel retardation studies agree with what is seen in the footprinting experiments. The findings suggest a model for the triggering of replication: the H sites on plasmid molecules in the cell titrate RepB, which will not bind to ori as long as there are free H sites available. Ultimately, all those sites will be occupied and RepB will be able to bind to the low-affinity ori box, triggering replication and thus generating a new set of unoccupied binding sites. Since RepB seems to autoregulate its synthesis, the moment all H sites are occupied there will be competition between shutdown of protein synthesis and triggering of replication by binding to ori.
This model may be an oversimplification, as other plasmids from different bacteria have more-complex regulatory circuits (15, (25) (26) (27) . The expression of RepB may well be more intricately regulated. Nevertheless, the current growth in molecular techniques applicable to mycobacteria, such as in vitro transcription systems with the M. smegmatis RNA polymerase (20, 28) , should make it possible to test some of the implications of these hypotheses.
The role of RepA in the biology of pAL5000 remains to be established. The protein is necessary for replication. The ColE2 Rep to which it is similar is a plasmid-specific primase which binds to double-stranded DNA and synthesizes a unique RNA primer (43, 44) . ColE2-type plasmids need host-encoded proteins, e.g., DNA polymerase I for the initial DNA synthesis and DNA polymerase III for completing the synthesis (13, 14, 42, 46) . There are indications that pAL5000-based replicons have a similar requirement for polymerase I (24) . Since, in contrast to pAL5000, none of the plasmids of the ColE2 class has a requirement for two Rep proteins, the parallels should not be drawn too far.
The inactivity of RepA in our assays is puzzling, and the easiest explanation is that the MBP fusion renders the protein inactive, as is often seen with this system (35) . Digesting the MBP-RepA protein with factor X protease gave rise to several bands on an SDS-PAGE gel, where only two were expected, indicating nonspecific cleavage of the fusion protein or possibly instability of the cleaved RepA.
Other explanations could be that the assay conditions were not optimal or, since all assays were carried out in vitro, that RepA needs host proteins for its activity, possibly interacting with the replication machinery of the host. Expressing the protein in a different system would be a way of testing these explanations.
